Disulfide bonds convert small heat shock protein Hsp16.3 from a chaperone to a non-chaperone: implications for the evolution of cysteine in molecular chaperones.
Molecular chaperones mainly function in assisting newly synthesized polypeptide folding and protect non-native proteins from aggregation, with known structural features such as the ability of spontaneous folding/refolding and high conformational flexibility. In this report, we verified the assumption that the lack of disulfide bonds in molecular chaperones is a prerequisite for such unique structural features. Using small heat shock protein (one sub-class of chaperones) Hsp16.3 as a model system, our results show the following: (1) Cysteine-free Hsp16.3 wild type protein can efficiently exhibit chaperone activity and spontaneously refold/reassemble with high conformational flexibility. (2) Whereas Hsp16.3 G89C mutant with inter-subunit disulfide bonds formed seems to lose the nature of chaperone proteins, i.e., under stress conditions, it neither acts as molecular chaperone nor spontaneously refolds/reassembles. Structural analysis indicated that the mutant exists as an unstable molten globule-like state, which incorrectly exposes hydrophobic surfaces and irreversibly tends to form aggregates that can be suppressed by the other molecular chaperone (alpha-crystallin). By contrast, reduction of disulfide bond in the Hsp16.3 G89C mutant can significantly recover its character as a molecular chaperone. In light of these results, we propose that disulfide bonds could severely disturb the structure/function of molecular chaperones like Hsp16.3. Our results might not only provide insights into understanding the structural basis of chaperone upon binding substrates, but also explain the observation that the occurrence of cysteine in molecular chaperones is much lower than that in other protein families, subsequently being helpful to understand the evolution of protein family.